lecithotrophic larval stage or a direct non-planktonic development. Oogenesis of the three 23 sublittoral species examined is synchronous. Deposition of egg masses by Nucula delphinodonta 24 and spawning by Nucula annulata and Nucula proxima occurs only during summer months. 25 Among the four bathyal and abyssal species, Ennucula similis, Ennucula granulosa, Deminucula 26 atacellana, and Brevinucula verrilli, oogenesis is asynchronous and there is no discernable 27 pattern of periodicity of spawning. Absence of periodicity in reproduction in these deep-sea 28 species is confirmed by examination of individuals from dredge samples taken at different times 29 of year. The median apparent fecundity among both sublittoral and deep-sea species is directly 30 related to size (i.e., shell length) and age. Among the Nuculidae the median apparent fecundity is 31 greater among sublittoral than bathyal and abyssal species. The geographic distribution of a 32 species depends on its capacity to disperse. The dispersal of the planktonic lecithotrophic larvae 33 of the sublittoral species Nucula annulata and Nucula proxima is limited to the continental shelf 34 of the northwestern Atlantic by inshore bottom circulation and because these very small 35 planktonic larvae (<2.5 mm) lack the capacity to move vertically upward through the water and between 1 to 30 individuals m -2 in the abyss (Sanders et al., 1965) . 58 There are seven Nuculidae species in four genera between the New England coast and the 59 island of Bermuda (Table 1 ). The three sublittoral species (<200 m depth) include Nucula 60 proxima Say, 1822, Nucula annulata Hampson, 1971 , and Nucula delphinodonta Mighels and 61 Adam, 1842. Among the four deep-sea species (>200 m depth), Ennucula similis Rhind and 62 Allen, 1992 , Ennucula granulosa (Verrill, 1884) , Deminucula atacellana (Schenck, 1939) , and 63 Brevinucula verrilli (Dall, 1886) , all occur at bathyal depths. (Fig. 1A, B) . The second species observed by Drew (1901) , N. delphinodonta, has a non-124 planktonic direct development that occurs within a sand-encrusted egg capsule often found 125 attached to the shell of an adult; development is completed in the laboratory in 10 to 14 days 126 ( Fig. 2A ; Table 2 ).
127
Where development cannot be directly observed, as among deep-sea protobranchs, the 128 mode may be inferred by an indirect method described by Ockelmann (1965 The mode of development may affect the life history of deep-sea molluscs in two ways: (Table 3) . For the first two species, the 188 ova develop into lecithotrophic planktonic larvae. Nucula delphinodonta has direct development 189 without planktonic larvae and produces eggs only during the summer and early fall (Table 3) . Xylophaga species that bores into wood (Turner, 1973 where Y equals the number of ova and X the shell length; a is the minimum length at sexual 250 maturity and b is a coefficient that defines the increase in number of ova with increasing shell 251 length (Fig. 6 ). Larger older individuals produce more ova than smaller young ones. maturity at 2.1 mm, it produces 300 ova (Fig. 6A) ; during the following summer, the shell length 263 will be between 2.5 to 3 mm and approximately 1100 ova will be produced. During the 264 succeeding third summer, after attaining at a shell length of 4 mm, about 1500 ova will be 265 produced. Then F, the cumulative production of ova, will equal: N. annulata will equal 2900 ova.
273
Nucula proxima becomes sexually mature at about 4.5 mm in length (Fig. 6B) and commonly off Ireland (Fig. 7) . Brevinucula verrilli that has been collected from several The results presented here help support a previous conclusion (Scheltema, 1994 
Geographic distribution of bathyal and abyssal species

391
Fecundity is the potential capacity of a species or the populations of a species to produce 392 gametes. Among sublittoral species, oogenesis is synchronous (Fig. 4A, B) . Field observations 393 confirm that spawning occurs only once a year during summer months and that reproduction is 394 periodic; this distinct period of spawning is characteristic and the effective lifetime fecundity can 395 be derived from the cumulative values for each period of reproduction.
396
Among deep-sea species, oogenesis is asynchronous and various stages of developing 397 oocytes and ova co-occur (Fig. 4E,F) . Field data confirm that oogenesis is a continuous process 398 and no periodicity or seasonal reproduction is discernable. Fecundity over a lifetime cannot be 399 determined in a deep-sea species with asynchronous oogenesis as the timing and number of ova 400 produced at each spawning is unknown and only the apparent fecundity at the time of collection 401 can be determined.
402
Apparent fecundity is linearly related to shell length and age ( (Table 4) . (125 µm) than in the sublittoral species (89 µm). In summary, the deep-sea species has fewer and 420 larger ova and larvae than the sublittoral species (Table 2) .
421
In both sublittoral and deep-sea species, mode of reproduction and fecundity are closely 422 related. Ovum diameter is smaller (Table 2 ) and median apparent fecundity greater ( Fig. 3B ), (C) Ennucula granulosa (cf. Fig. 3D ). Bars = 100 µm. Nucula delphinodonta with non-planktonic direct development (cf. Fig. 3F ), (B) Deminucula 592 atacellana with planktonic lecithotrophic development (cf. Fig. 3E ), (C) Ennucula similis having 593 direct non-planktonic development (cf. Fig. 3G ), (D) Brevinucula verrilli with planktonic 594 lecithotrophic development (cf. Fig. 3C ). Bars = 100 µm. 
